ABSTRACT The significant structures theory of liquids has been extended to take into account (i) translational degrees of freedom in the degeneracy term and (ii) the perturbation term which becomes important near the critical region. With these improvements, the calculated thermodynamic properties of argon agree very well with experimental results from the melting point through the critical point, along the coexistence curve as well as along the critical isochore and for the solid and the vapor.
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The properties of simple liquids can be calculated from first principles (1) . For complicated liquids one must resort to model calculations. A model is also useful if one is to write a single partition function that embraces all three phases, as we are undertaking to do in this study. The application of this model can be found in the book Significant Liquid Structures (2) and in the more recent literature for a wide variety of further applications (3) .
The liquid state is intermediate between the solid and gaseous states and, therefore, it is to be expected that the thermodynamic properties of a liquid will be intermediate between those of its gaseous and solid states.
X-ray studies of liquids (4) indicate considerable short-range order with nearest neighbor distances only slightly different from those of solids. Therefore, for liquids one can speak of a quasi-lattice structure with the typical 12% expansion of a liquid due to the introduction of vacancies or holes into the structure.
The introduction of a molecule-sized hole requires an energy equal to the heat of vaporization. Such a molecule-sized hole will convert three vibrational degrees of freedom into three translations as it is cooperatively moved about by neighboring molecules. Because these molecule-sized holes will be distorted as they are moved about, they will be called "fluidized vacancies," or simply "vacancies" for short. Such vacancies moved about cooperatively by neighbors simulate the behavior of a gaseous molecule in having both the same energy and entropy. It is therefore to be expected that there should be as many vacancies per unit volume of liquid as there are molecules per unit volume of vapor, so that the sum of the densities of the liquid and vapor should be constant except for a linear drift toward lower mean densities with increasing temperature because of the thermal expansion of the lattice. This qualitative explanation of the experimental law of rectilinear diameters (5, 6) was first pointed out long ago (7) . On the average, a vibrating molecule will be stopped by a nearest neighbor in a fraction of the oscillations V8/V. Consequently, we take V,/V of the degrees of freedom as solid-like and (V -V8)/V of the normal modes as gas-like. Here, V3 and V are the molar volume of solid-like structure present in the liquid and the molar volume of the liquid, respectively. Theory Based on the above considerations, three structures are considered to be significant in bulk liquid (8) (9) (10) : (i) molecules vibrating as they do in a solid; (ii) fluidized vacancies cooperatively propelled through the solid, converting three vibrational degrees of freedom into three translational degrees of freedom and thus simulating the behavior of a gas molecule; and (Ill) degeneracies for the solid-like molecule provided by the fluidized vacancies. As the critical point is approached, every cooperative cluster has the option of being in the liquid or in the vapor state. A second degeneracy factor is required for interpreting the critical phenomena. These considerations lead to the following equation for the partition function for a mole of liquid: (1 -e /T)31 [2] fS =y =/T 2i[mkT) e lyu 1, 2, or 3), [3] and f-= (2irmkT)3/2 (V-Vs). g 3 (VV) [4] The notations used in the above expressions are: Es, the energy of sublimation; 0, Einstein characterization temperature; m, mass of a molecule; k, Boltzmann's constant; h, Planck's constant; e, free length; R, gas constant; T, temperature; q, cluster size; N, Avogadro's number; a', change of surface energy per molecule; and n and a, dimensionless constants whose values are determined by the model. The Solid Partition Function. The Einstein characterization temperature and the energy of sublimation are volume-dependent. In this study their values are taken as constant.
However, for more accurate constant pressure specific heat, cp, compressibility, f, and thermal expansion coefficient, a, one should use Es = Es(Vs) and 0 = 0(Vs).
The volume-dependence of Es and 0 has been determined in the case of the alkali metals (11) . With a proper pair potential, the solid partition function can be calculated.
The Partition Function for the Molecule Occupying a Vacancy. For a simple liquid like argon, as the temperature increases there is a certain probability that it acquires enough energy to change some of its vibrational degrees of freedom into a translational degree of freedom. In fs', the y degrees of freedom a molecule uses in entering the vacancy are transla- Ao(T,Vc) = XAL(TVL) + (1 -X)Ag(T,Vg) [11] in which x and (1 -x) are the fractional amounts of the liquid and gas phases, respectively. The value of x can be obtained from the coexistence curve x = P i = ilAT = constant. PL -Pg b2iATi' [12] Upon differentiating Eq. 10 twice, we obtain (Cv)1(TVc) = c(2 -a)(1 -a)TI ATI -a
[13] Next, we consider the specific heat along the coexistence curve (P = PL). At a given temperature the volume along the coexistence curve, VL, differs from that along the critical isochore, VC. To bring a molecule from the first state to the second state isothermally requires an energy that is proportional to P(V -V'). Therefore, we take Al =-cl ATI2-ae-aVc-VI and A(T,V) = AO(TV) + A1(T,V).
[14]
The specific heat then takes the form (Cv)1(T,V) = C(2 -a)(1 -a)TI ATI -ae-aVcV [15] (12) . Along the Critical Isochore. Constant-volume specific heats, CV, along the critical isochore were calculated by using Eq. 13 for T < T, as well as for T > T,. The results are given in Table   3 . We notice that Eq. 15 In this report, we have not discussed explicitly how a' is affected by the change in the cluster size that results from the uniting of small clusters. This change, however, accounts qualitatively for the sign and the small value of a.
